Background Coffee consumption has been associated with reduced markers of hepatic cell damage, reduced risk of chronic liver disease, and cirrhosis across a variety of populations. Data on the association between coffee consumption and risk of hepatocellular carcinoma (HCC), especially in high-risk populations, are sparse. Methods This study examines the relationship between coffee and caffeine consumption, and the risk of developing HCC within the Singapore Chinese Health Study, a prospective cohort of 63,257 middle-aged and older Chinese men and women, a relatively high-risk population for HCC. Baseline data on coffee consumption and other dietary and lifestyle factors were collected through inperson interviews at enrollment between 1993 and 1998. Results As of 31 December 2006, 362 cohort participants had developed HCC. High levels of coffee or caffeine consumption were associated with reduced risk of HCC (p for trend \ 0.05). Compared with non-drinkers of coffee, individuals who consumed three or more cups of coffee per day experienced a statistically significant 44% reduction in risk of HCC (hazard ratio 0.56, 95% confidence interval, 0.31-1.00, p = .049) after adjustment for potential confounders and tea consumption. Conclusion These data suggest that coffee consumption may reduce the risk of developing HCC in Chinese in Singapore.
Introduction
Although rare in North America and Europe, primary liver cancer is a common malignancy worldwide. It is the fifth most common cancer and third most common cause of cancer death in men, and the eighth most common cancer and sixth most common cause of cancer death in women, accounting for approximately 6% of all newly diagnosed cancer cases worldwide [1] .
The dominant form of primary liver cancer is hepatocellular carcinoma (HCC). Chronic infection with hepatitis B virus (HBV) is by far the most important risk factor for HCC in humans. It is the primary cause of HCC in highrisk areas, including China and Africa. Chronic infection with hepatitis C virus (HCV) has an increasingly prominent role in the development of HCC in countries such as the United States where the rate of infection with HBV is relatively low. Other environmental risk factors for HCC include dietary aflatoxin, excessive alcohol intake, cigarette smoking, obesity, and diabetes [2] .
Recent studies also suggest a protective effect of coffee and coffee constituents on liver function. Caffeine has a strong antioxidative property [3] , inhibits the cell proliferation of liver cancer cells [4] , and reduces the incidence and multiplicity of carcinogen-induced liver cancer in rats [5] . Coffee consumption has been associated with reduced levels of gamma-glutamyltransferase (GGT), alanine aminotransferase (ALT), and aspartate aminotransferase (AST), biomarkers of liver cell injury and inflammation [6] .
In addition to caffeine, unfiltered coffee contains large quantities of kahweol and cafestol [7] . Experimental studies have shown that kahweol and cafestol can reduce the genotoxicity of aflatoxin B 1 in hepatic cell lines [8] , an established human hepatocarcinogen [9] . Both kahweol and cafestol also can induce enzymes in the liver that enhance the detoxification of other potential carcinogens such as N-nitrosodimethylamine (NDMA) and 2-amino-1-methyl-6-phenylimidazopyridine (PhIP) [10] .
Numerous epidemiologic studies have examined the association between coffee consumption and risk of HCC [11] [12] [13] [14] [15] [16] [17] [18] . Overall, these studies showed an inverse association between coffee consumption and HCC risk [19, 20] . These studies were conducted largely in Japanese and Italian populations. There is lack of data on the potential protective effects of coffee consumption on the development of HCC in Chinese populations that are at high risk of HCC and have different exposure to environmental risk factors. For example, the incidence rate of HCC in Chinese men in Singapore was 21.2 per 100,000, more than 5 times that of their white counterparts in United States [21] . Using the database of the Singapore Chinese Health Study, we prospectively examined the relation of coffee and other caffeine containing beverages with the risk of developing HCC.
Materials and methods

Study population
The design of the Singapore Chinese Health Study has been described [22] . Permanent resident or citizen of Singapore of Chinese origin speaking Hokkien or Cantonese dialect between ages of 45 and 74 years residing in government-built housing estates were sought for their participation of the study. Between April 1993 and December 1998, 63,257 subjects (about 85% of eligible subjects approached) were recruited. The study was approved by the Institutional Review Boards of the National University of Singapore and the University of Minnesota.
Baseline exposure assessment
At recruitment, an in-person interview was conducted in the subject's home by a trained interviewer using a structured questionnaire, which covered demographics, lifetime use of tobacco, current physical activity, menstrual/reproductive history (for women), occupational exposure, medical history, and family history of cancer. Information on current diet, including alcohol, coffee, and tea consumption, was assessed via a 165-item food frequency questionnaire that has been validated against a series of 24-h dietary recall interviews [22] and selected biomarker studies [23] conducted on random subsets of cohort participants.
Levels of caffeine intake were derived from self-report of coffee and tea intake, the two major sources of caffeine in this population. Our baseline questionnaire asked for information on consumption of coffee, black tea, and other types of tea (this included green tea). For each of these beverages, participants were asked to choose their level of consumption from the following pre-defined categories: never or hardly ever, 1 to 3 times a month, once a week, 2 to 3 times a week, 4 to 6 times a week, once a day, 2 to 3 times daily, 4 to 5 times daily, and 6 or more times daily. The majority of caffeine consumed was from coffee (82%) and black tea (13%). Green tea was a minor contributor to caffeine (\5%) in the study population.
Case ascertainment
Incident cases of cancer and death among cohort members were identified by linkage analysis of the cohort master files with the datasets of the population-based Singapore Cancer Registry and Singapore Registry of Births and Deaths. The nationwide cancer registry has been in place since 1968 and has been shown to be comprehensive in its recording of incident cancer cases [24] . As of April 2008, only 27 cases were known to be lost to follow-up due to migration out of Singapore. This suggests that emigration is negligible among the cohort participants. As of 31 December 2006, 362 cohort participants who were free of cancer at baseline had developed HCC. One hundred and fourteen (31.5%) HCC cases were diagnosed histologically, and their diagnoses were confirmed via manual review of pathology reports by a medically trained research staff. Two hundred and thirty-five (65.0%) were diagnosed on the basis of elevation in serum a-fetoprotein in conjunction with clinical and radiologic evidence consistent with HCC. Thirteen (3.5%) cases were identified through death certificates.
Hepatitis B and C serology Beginning in April 1994, a random 3% sample of cohort participants were asked to provide blood or buccal cells, and spot urine samples. Eligibility for this biospecimen subcohort was extended to all surviving cohort participants starting in January 2000. By April 2005, all surviving cohort subjects had been contacted for biospecimen donation. Samples were obtained from 32,535 subjects, representing a consent rate of about 60%.
Of the 362 incident HCC patients among the entire cohort, 92 were from the biospecimen subcohort that provided a blood sample at baseline. For each case, three control subjects individually matched to the index case by gender, dialect group (Hokkien, Cantonese), age at enrollment (±2 years), date of baseline interview (±1 year), and date of biospecimen collection (±6 months) were randomly selected from the biospecimen subcohort who were alive and free of cancer on the date of cancer diagnosis of the index case. The assays used for testing serologic markers of HBV and HCV infections have been described previously [25] . Briefly, we tested all study samples for the presence of hepatitis B surface antigen (HBsAg) in plasma using commercialized kits (AUSRIA, Abbott Laboratories, North Chicago, IL), and negative samples were further tested for the presence of antibodies to the hepatitis B core antigen (anti-HBc) and antibodies to the hepatitis B surface antigen (anti-HBs) using standard testing kits (Corab, Abbott Laboratories, North Chicago, IL). All samples were tested for the presence of antibodies to the hepatitis C virus (anti-HCV) in plasma using the ELISA version 2.0 kit manufactured by Ortho Diagnostic Systems, with confirmation of positive samples using RIBA version 2.0 (Chiron, Emeryville, CA). Plasma samples were tested blindly, identified only by codes without regard to case-control status.
Data analysis
We excluded 1,936 individuals with a history of invasive cancer of all sites (except non-melanoma skin cancer) as well as superficial (i.e., non-invasive) bladder cancer at baseline interview in order to avoid the potential effects of changes in lifestyle factors, including coffee drinking, in patients following cancer diagnosis. The present analysis included 61,321 subjects. The distributions of selected demographic characteristics and lifestyle factors between HCC cases and non-HCC subjects, or by levels of coffee consumptions were examined by chi-square test (for categorical variables) or by t-test or analysis of variance (for continuous variables).
For each subject, person-years of follow-up, stratified simultaneously by calendar time and age at recruitment, were counted from the date of recruitment to the date of diagnosis of HCC, death, or 31 December 2006, whichever occurred first. Proportional hazards (Cox) regression was used to analyze the associations between coffee (or caffeine) consumption and the risk of developing HCC. The strength of association was measured by hazard ratio (HR) and its 95% confidence interval (CI) and p value. All Cox regression models included age at recruitment (years), gender, dialect group (Hokkien, Cantonese), year of recruitment (1993) (1994) (1995) (1996) (1997) (1998) , body mass index (B24 kg/m 2 , [24 kg/m 2 ), level of education (no formal schooling, primary school, or secondary school or higher), cigarette smoking (never, former, or current smoker), consumption of alcoholic beverages (non-drinker, \7, or 7? drinks per week), frequency of black and green tea consumption (none, monthly, weekly, or daily), and history of diabetes (no, yes).
To further adjust for the potential confounding effect of HBV/HCV infection on the coffee/caffeine-HCC risk association, we conducted analyses for the association between coffee/caffeine and HCC risk on 92 HCC patients and their 276 matched control subjects using the conditional logistic regression methods [26] . In addition to the variables for serological status of HBV and HCV (negative, positive), we included all potential confounders described above in all logistic regression models. Odds ratios (ORs) and their corresponding 95% confidence interval (CIs) and p values were used to measure the strength of the association between consumption of coffee consumption and HCC risk.
Statistical computing was conducted using SAS version 9.1 statistical software. All p values quoted are two-sided, and p \ 0.05 were considered statistically significant.
Results
Of the 61,321 individuals in the cohort, 18.5% were coffee non-drinkers, 11.1% consumed \1 cup/day (defined as light consumption), 36.0% consumed 1 to \2 cups/day (medium consumption), and 34.4% consumed C2 cups/day (heavy consumption). Men consumed more coffee than women, so did Hokkiens than Cantonese. Compared with coffee non-drinkers, heavy coffee drinkers consumed more cigarettes and alcoholic beverages. Coffee consumption was inversely associated with black tea and green tea consumption. Subjects with a history of diabetes drank less coffee (see details in Supplemental Table 1 ).
The mean age (±standard deviation) of the 362 patients with HCC at diagnosis was 67.7 (±7.9) years. The mean time interval between baseline interview and cancer diagnosis was 6.4 years (range, 1 month to 13 years). Men were three times more likely to have HCC than women. Hokkiens accounted for 62.7% of HCC cases. HCC patients consumed Cancer Causes Control (2011) 22:503-510 505 more alcoholic beverages and cigarettes and were more likely to have a history of diabetes than those who remained free of HCC (Supplemental Table 2 ). Coffee and caffeine consumption were inversely associated with the risk of developing HCC ( Table 1 ). The risk of HCC decreased with increasing number of cups of coffee consumed (p for trend = 0.05). Compared with coffee nondrinkers, individuals who consumed C3 cups/day had a statistically significant 44% reduction in risk of HCC (p = 0.05) after adjustment for multiple potential confounders. Since coffee is the main source of caffeine in the study population, a similar inverse association between the amount of caffeine consumed and risk of HCC was observed. Compared with the lowest quartile, HRs (95% CIs) for the 2nd, 3rd, and 4th quartile of caffeine intake were 1.09 (0.82-1.46), 0.82 (0.61-1.11), and 0.73 (0.54-1.00), respectively (p for trend = 0.02).
Given that both coffee and tea contain caffeine, we further analyzed the relationship of HCC risk with coffee/caffeine intake in combination with tea intake. Within each intake level of green tea, black tea, or any tea (i.e., both green and black tea combined), high intake of coffee and caffeine was associated with a 20-50% decreased risk of HCC compared with low intake of coffee/caffeine, respectively (Table 2) . Conversely, within each intake category of coffee or caffeine, drinkers of either green tea or black tea had a comparable risk of HCC with those who did not consume green tea, black tea, or any tea.
The association between caffeine intake and HCC risk was further examined in subgroups stratified by gender, body mass index, cigarette smoking status, alcohol drinking, and history of diabetes. The inverse association between caffeine intake and HCC risk in women was comparable to that in men although the trend test in the former was not statistically significant due to small sample size (Supplemental Table 3 ). The inverse caffeine-HCC risk associations were comparable between smokers and non-smokers, between alcohol drinkers and non-alcohol drinkers, between individuals with high (C24 kg/m 2 ) and low body mass index (\24 kg/m 2 ) (all Ps for interaction [0.55). The inverse association between caffeine consumption and HCC risk was stronger in diabetic patients than that in subjects without a history of diabetes, but the difference between the two groups was not statistically significant (p for interaction = 0.11). Subgroup analysis examining the relationship between coffee consumption and HCC yielded results similar to that observed when examining the caffeine-HCC association. The protective effect of coffee consumption was, again, strongest among diabetics.
We further examined the association between coffee/ caffeine consumption and HCC risk after adjustment for serology of HBV and HCV. This analysis was conducted on 92 HCC patients and 276 individually matched controls with known serology of HBsAg, anti-HBc, and anti-HCV. As shown in Table 3 , the point estimates of relative risk of HCC associated with high consumption of coffee or caffeine in this subgroup were very similar to those based on the entire cohort. However, all ORs were not statistically significant due to small number of HCC cases included in this subgroup analysis. Further adjustment for serology of HBV and HCV did not materially alter the inverse association between coffee/caffeine consumption and risk of HCC, suggesting that the observed inverse association between coffee/caffeine consumption and HCC risk would be less likely to be confounded by HBV and/HCV infection. The inverse association between coffee consumption and HCC risk may arise from the fact that subjects with a broad spectrum of liver disorders and cirrhosis choose to reduce their coffee consumption. However, previous studies found that the inverse association between coffee consumption and risk of HCC was present in subjects with or without chronic liver disease [19] . One cohort study in Japan reported a statistically significant inverse association between coffee consumption and risk of HCC among the entire cohort. When HCC cases were stratified by HBV and/or HCV serology, the inverse coffee-HCC risk association was present for HCC cases that tested negative for both HBV and HCV [13] . In the present study, we determined HBV and HCV serology in a subset of HCC cases and matched control subjects. Although the overall association between coffee/caffeine consumption and HCC risk among this subset of individuals with known HBV/HCV serologic status was no longer statistically significant, primarily due to the small number of HCC patients who donated pre-diagnosed blood samples for the test of hepatitis serology, further adjustment for HBV and HCV serology did not alter the inverse association between coffee/caffeine consumption and HCC risk, suggesting that infection with HBV and/or HCV or preexisting chronic liver disease would be less likely to confound the observed inverse coffee-HCC risk association.
Tea contains not only caffeine but also polyphenols, both of which show antioxidative properties. Coffee drinkers of the present study population consumed less green or black tea. Our detailed analysis revealed that the reduced risk of HCC was mainly associated with consumption of coffee, but not with tea, suggesting that unique constituents in coffee may exert a protective effect.
Besides HCC, coffee consumption has been inversely related to serum ALT activity (a specific marker of liver injury), GGT activity (a marker of liver cirrhosis risk), cirrhosis, and other chronic liver disease [7, 27] . Given that cirrhosis is a hallmark of the liver disease progression towards HCC, these data have lent biological plausibility to the observed coffee-HCC risk association.
The biologic mechanism behind coffee consumption and HCC risk reduction is unclear. Coffee contains more than one thousand chemical compounds including caffeine, diterpenes (cafestol and kahweol), and chlorogenic acids. In one experimental study, caffeine in drinking water significantly reduced the incidence and multiplicity of chemical-induced liver tumors in rats [5] . The risk of cirrhosis was not associated with consumption of caffeinated, non-coffee beverages, but with consumption of coffee [28] .
Furthermore, decaffeinated coffee has been shown to possess a similar effect as caffeinated coffee on altering phase I and phase II enzymes that probably participate in metabolic activation and detoxification of potential hepatocarcinogens, respectively (see below) [29] . These data suggest that compounds other than caffeine in coffee may exert beneficial effects on the liver.
Numerous studies have suggested that cafestol and kahweol may exert anti-hepatocarcinogenesis effects. In animal and cell line models, these diterpenes have been shown to significantly reduce the mRNA and protein levels of cytochrome P450 (CYP) isoenzymes 1A1, 1A2, 3A2, 2B1, 2B2, and 2C11, along with the reduced formation of aflatoxin B 1 (AFB 1 )-DNA adducts [30] , an established risk factor for HCC in humans [9] . In addition, cafestol and kahweol can upregulate phase II detoxifying enzymes including glutathione S-transferase (GST). The most striking effect identified is a strong dose-dependent induction of the GST pi subunit Yp and Yc2 in the liver at the mRNA and protein levels following long-term treatment with diet containing cafestol and kahweol [8] . Moreover, the increased GST expression is dependent on the continuous presence of cafestol and kahweol in the diet; GST returned to the baseline level following removal of cafestol and kahweol from diet [9] . GST Yc2 is known to efficiently conjugate AFB 1 -8,9-epoxide [8] , the most genotoxic metabolite of AFB 1 [31] .
The presence of cafestol and kahweol in coffee is dependent on the method of preparation. Scandinavian boiled, French press (i.e., plunger or cafetière coffee), and Turkish/Greek coffees have the highest amounts of the diterpenes, espressos intermediate amounts, and instant and drip-filtered coffees have negligible amounts (paper filters retain the lipid fraction released during brewing) [7] . In Singapore, dark roasted coffee is commonly prepared by boiling in a muslin bag, a method presumed to preserve cafestol and kahweol levels. Due to the hypercholesterolemic effect of these diterpenes, the positive association between coffee intake and plasma cholesterol in our cohort supports our assumption that the diterpenes are present in the coffee commonly consumed by cohort subjects [32] .
Chlorogenic acid present in coffee has shown twice the total antioxidant capacity of ascorbic acid over the same concentration range, indicating that chlorogenic acid can effectively scavenge reactive oxygen species, which have mutagenic and tumor-promoting effects [33] . Chlorogenic acid also increased enzymatic activities of GST and suppressed the chemical-induced neoplastic transformation of cancer cells [32] . Rats fed a diet with instant coffee, which has no diterpenes, with or without caffeine showed a dosedependent increase in mRNA and protein expression of GST enzymes involved in cellular antioxidant defenses, along with a protection against both genotoxicity and cytotoxicity of AFB 1 [29] . These data suggest that ingredients of coffee other than diterpenes and caffeine may also play a role in the protection against the development of HCC.
Tea consumption, particularly green tea consumption, has been suggested as having protective effects against the development of cancer at a number of sites. Green tea polyphenols show antioxidative properties [34] , which may protect against oxidative damage in humans [35] . Several epidemiologic studies have examined the association between green tea consumption and HCC risk [13, 16, [36] [37] [38] [39] . Most of those studies reported a null association [13, 16, [37] [38] [39] . A recent report from a prospective cohort study in Japan found a dose-dependent inverse association between green tea consumption and liver cancer incidence in women, but not in men. Women consuming C5 cups green tea per day experienced only half the risk that for women with\1 cup green tea per day [36] . We did not find a statistically significant association between consumption of either green tea or black tea at least on a weekly basis and HCC risk in the present study. To control for potential confounding effect of coffee on the tea-HCC risk association, we analyzed data cross-classified by consumption of green/black tea and coffee. The null tea-HCC risk association was present in both low (B2 cups/day) and high coffee drinkers ([2 cups/day), whereas high consumption of coffee was associated with reduced risk of HCC in tea drinkers and non-drinkers. Our null findings on tea and HCC risk, consistent with most of epidemiological studies, could be due to the low consumption of green tea in our study population (12.4% of cohort participants were daily drinkers who, on average, consumed 2.0 cups of green tea per day) compared with the study subjects of the Japanese cohort of which subjects consuming C1 and C5 cups green tea per day accounted for 73% and 30%, respectively [36] .
Potential limitations of this study include the lack of HBV and HCV status for all cohort participants, though some effort was made to address this using a nested case-control study. Additionally, participants in the cohort were not measured for the amount of liver damage present at baseline, making it difficult to address what effect this might have on the association between coffee consumption and risk of HCC. Finally, the number of observed cases is still relatively small in this cohort when compared to some others. This is particularly true among those where HBV/HCV serology is available. Given a small proportion of HCC cases with available prediagnostic blood samples, potential selection bias is a concern. However, we examined and found comparable distributions between HCC cases with and those without known HBV and HCV serology in coffee consumption (1.23 vs. 1.30 cups per day, p = .59), body mass index (23.9 vs. 23.7 kg/m 2 , p = .64), level of education (28.9% vs. 23.6% of secondary school or higher, p = .51), alcohol consumption (9.6% vs. 10.0% of C7 drinks per week, p = .17), and history of diabetes (22.9% vs. 18 .2%, p = .35). These data indicate that patients with HCC of the nested case-control study were a representative sample of the HCC patients of the entire cohort.
The strengths of this study include its prospective nature. In all participants, exposure factors were measured before the diagnosis of disease, allowing us to analyze the data in a temporal manner. The relatively high consumption of both coffee and tea in Singaporean Chinese provided a unique setting to test whether coffee or tea or both exert protective effect on HCC risk in this high-risk population given that coffee is a less popular drink for Chinese in mainland China or elsewhere. The presence of an inverse association between coffee/caffeine and HCC risk among non-drinkers of any tea confirmed the protective effect of coffee against the development of HCC, whereas tea did not show any significantly protective effect. The completeness of ascertainment of HCC cases among the cohort through the nationwide cancer registry in Singapore minimized the selection bias given that very few cohort participants emigrated from Singapore. Finally, the comprehensive questionnaire that asked for demographic, lifestyle, and other environmental exposures allowed for more thorough adjustment and less residual confounding effect on the observed coffee-HCC risk association.
In summary, high consumption of coffee/caffeine was associated with a statistically significant, reduced risk of HCC among Singaporean Chinese. Further studies are warranted to clarify the protective role of specific constituents in coffee in the development of HCC.
